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Re’erences: 97th Partial Renort »f Test of Thin

Armcr Plate, Aberdeen Proving Sround, 4., April 15, 1¢3S5.

Watertown Arsenal Revort #710/27,

Abstract
] This re»nort is a com~arison of grooved armor nlate

and flap armor nlate of eocual weight and the same
composition and heat trcatment., The results used for
grooved vlates are those taken from P.R. 97, APG.,
Thoce for flat plate werc taken from a summary of all
of this tyme tested at the Proving Ground ani covered
in P.R. 1 to 97, APG.

(a) ,The grooved plate is feasible and
economical to roll and heat treat.

(b) ‘It ic from 97 to 507 better than an
coulvalent weight of the same nlate without grooves.

(¢c) Grooved nlate of the scame weight as
1/2" ermor nlate successfully withstood the cal., .30
A.P. Tl (High Vel.) bullet at 100 yds. The Tl
smmunition was ievelonei to penetrate 1/°" nlate at
200 yis., 83 revnorted in Minutes of the Ordnance

Comnittee "eeting, held Thursday, May 10th, 1934.



Satisfactory hcmogrneous armor nlate has been
made for the last elght years of the following steel
compoaltion:

c v OB & or Mo ¥
«45/.55 .40/.70 [.08 /,C% ,15/.85 1.10/1.30 .60/.8C.20/.30
Plates of this comnosiﬁton have been heat treated by
ouenching in oil from (870°C) 1600°F ard drawing at

about (618°0) 1150%F - to 416-444 Rrinell hardness.

The vossibilitles of increasing balllstic efficiency
by uslng a given welght of nlate in such a marner ac to
deflect and break up bullet cores, has been investigated
at this Arsernal during the lact twe yearse The results
ohtained are set fortl: in W.A. 710/32. The use of a
hard thin front nlate of the same material was found to
help resist nenetratlion in the bottoms of the grooves,
a¢ shown in the above revort,

Three plates of the comnosition shovn above were
machine-grooved 1in the annealed conditton and then
nardered in the same manner as flat nlate of the came
comnosition. The tynes and dimencions of the grooves
are shown in Fizures 1, 2, ard 3 These Blates,
1ecignated G10, G311, and Gl2, with and without thin
cever pvlates, were tested at the Aberdeen Proving Grourd,
March 11 to 14, 1935, The 37th Partial Report of Test
of Thin Armor Plate shows the results obtaired. For

cenvenlence these results are summarized in Table 1,
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It 1s evident that these nlates dicplayed grester
ballistic recistance than that reouired in nresent
specificetions for fiat plates of the same welght, This
excess bhalllstic reslstance, exoressed rs percentage of

trie recuired ballistic limit wes as follows:

Exceed Rerulred

Plate Ballistic Limit by

10 more than 207

311(w/o cover vlate) 18 1/27

Gli(w/cover plate) no result-lack of
test area

G1°(v/o cover plate) 26 1/2%(avcrage)

312(w/cover plate) 247

However, it is well understood that all nlates
muct exceed the balilistic reoulrement and thet many of
the nlates tested ¢o surnass the recuired limits by a
considefable margin. Therefore, the efficiency of these
grooved plates shoul” be shovn by commarison with actual
recults rather then with specified ballistic limitc.,

Renorts of Test of Thin Armor Plate from 1922 to
date are showvn in Partial Revorts 1 to 97, Aberdeen
Proving Ground. The earlier results are not commarablc
with those now obtalned due to differences in range,
ammunition, etc, They »ill rnot be included in thisc octudy.
Tr.e great mass of the available data was obtaired under
Tent. Spec. 31 vhich recognized a much dirferent

definition of "complete venetrati-n" than that used at



present in Spnec., AXSH4, It seems desirable to Lnclude the
data thus avallable but, for this ournose, 1t will be
necescary to coivert the ballistic limits of earllier
firings to the subctantlal ecuivalent of those of Spec.
AXG54., Leot cuch couversion may seem unfailr the recults
obtalned with the grooved nlates will be comnaredi:

(a) with results of all firings under Opec.
AX554,-Rev 1., and =Rev., 2,

(b) with results of all firings under like
coniitions of renge and ammunition under Onec., 31 -
converting figures obtained under Svec. 21 to ecuivalents
for AXGE4

(e)with results of all firings as in (a) agatinoec
flat polate of the same steel comnosition and heat treatment.

Comnerison (a)

Recults avallable unier AXCH54 and its revislors are
cstrictly comparable with tlie recults under concideration
for grooved nlates. They are summerized for ell flat

nlates of the thicknesses involved in Table II,



TASLE 1T

Ccumnary of Results of Testis Under AXSH4#

Plate Thicknesg gg;;;gg;q;gym;pg_:Mgtgh(a)
Mean of All Results Mean of Highest

107- of All
Results

5/16" 1830 2216

7/16" 2137 2460

1/2m 2290 2550

9/16" insurficient date

* _ Prom Partlal Renorts of Test >f Thin Armor
Plate, A.®.G.
(8)- Tahulated and Internolated from olot of about

100 results.

Plate Eouiv. Thickness ~— B.L.(f.5.)
Gl2(w/o cover nlate) 5/16" 2440

Gll(no cover plate) /16 n478
G12(with cover vlate) 7/16" 2590
G1l0(with cover plate 1/°" more than?701
Gli(with cover plate 9/16" more thanl769(cal.50)

-6



Comnsrison (b)

The exect difference in foot-seconds in ballistic
1imit determinetion betveen the Adefinition of Opec, 31
ar.d AX554 1s very hard to ascertaln.s In some few cases
no fifference has been noted. In the great majority of
ceges, however, there is e 31fference of from P50 to
500 foot-seconds 1n the results obtalned., Averages of
the available re-ults show a difference (in favor of
Svec. "1l) of 200 f.s. for 1/2" nlate and of 400 f.s. for
1/4" vlete, 750 f.s. will, therefore, b: deducted
arbitrarily from the sversges obtsined of tesis made
under Spec. Zl. Since there werc some 200 plates in this
groun, both face-heardeneé¢ and homogenceous, the actual
recults and then the converted results will be shown in

-Table III.

e



TARTLE ITI

Sumnmary of Results of Tests Under Smecs 31.%

Plate Thickreos

Ple

5/16"
7/18"

1/9"

9/16" (

te

F12

(w/o
(w/o

(a)

Ballistic Limits - f.o,

Mean of Converted to !fean of Converted
All Results AXS59%4 Eoulva-Highest te AXS54
lent. 109 of Eoulivalent

19380
2290
2600

CE,T‘LQ . 50) '-’“’)O

From Pertial Renorts

‘plote’ A.P.G.

(1630)
(=040)
(2250)
(1/50)

All Re-
sultec

2420 (2080)
2740 (2390)
2900 (»550)

2500 (2150)

of Test of Thin Armor

Tabpnletel and Taken from Plot Involving about

300 recults,

cover vlate)

cover nlate)

(with cover plate)

Equiv. Thickness Bl (foBs)
5/16" 2440
7/16" 2478
7/16" 2500
T/ more than 2701

(with cover nlate)

(with cover platc)

=

9/16"

more than 1762(cal.
.50)



Comnarison (c)

The piates used for grooving were homomeneous plates
of the compmositlion and heat treatment described at the
beginning of this reoort, Plates submitted under AXGSS54
hiave oractically all been face-hardened plates. However,
twenty-nine homogereous plates of this compmosition and
heat treatment have been tested under Spec. AXG554. The
results obﬁained were ags follows:

1/4" Plates: - B.L.-1215, 1456, 13°4, 1441, 1195,

1183, 1176, 1173, 1247, 12329.
Average 1264.: High 1456,
3/8" Plates: - B.L.-1738, 1811, 1762, 1844, 1755,
1877, 1854,
Average 1808: High 1877,
1/2" Plates: - B.L.-224°, 2675, 2518, 2431, 2296,
2304, 2370, 3326, 2451, 2445,
Average 24C6 : Hizh 2675,

3/4" Plate: - B.L,-1873

" Plate: - B.L.-P445

The averages ani highest values obtained were
plotted in Figure 4. ¥From this pnlot the relative limits
of the grocved nlates under consideratlion may be compar:d.
The one value for the cal. «50 eouivalent 1is very
vresumotive. The values for the other nlateé, however,
form a very fair basis for the comperison chown in

Table IV.

=9



TABLE IV

Summary of Results of Ballistic Tests

Homogeneous .50C, =Cr-Mo-Va Armor Plates,-AXSH4%*

Plate Thickness

5/16"
7/16"
1/2"

9/16"

Brllistic Limit - f.s.(a)

Avecrage Result Highest Result
1556 1630
2120 2265
2400 2675
(1470)(P)

* - From P,R. Tests of Thin Armor Plate, A.P.G.

(a)- Intervolation from Fig. 1

(b)~ Extrapoletion - (very ouestionable)

Plate Eouiv,

Gl2(w/o cover plate)
Gll(w/o cover nlate)
Gl2(with cover plate)
Glo(with cover plate)
Gl1(with cover vplate)

Thickness B.L.(f.s.)
5/16" 2440
7/16" 2478
7/16" 2590
1/a" more than 2701

d/16"

=)10=

more then 1769(cal,.5C!



The resuits shovn in Table IV are strictly com-
paratle. They verc obtalrned upon nlates of the same
compositi n and heat treatment ard under the same firing
conditions. The increased balllistie 1limit for the same
welght of matcorlel disposed as 1in these grooved plates

wans as follows:

Plate Exceeded Best B.L.

——eme—

of came Wt of Identlical Flat Plate by

312(w/o cover plate) 50
G11(w/o cover nlate) 0 1/27
312(with cover plate) 14 1/27

Glo(with cover plate) more than 14
G11(with cover plete) more than 209%

*_Toubtful - data insufficlent.

=11



llscugssion

1. These grooved plates developed ballistic limitg
from 18 to 367 above thase reouired in present
specifications (Table I ani summary following).

2. They were from 99 to 507 more efficient than
the best of all nlates on record of the same comvositlon
and heat treatment. (Table IV)

2. They vere from 17 to 127 better than the average
of the best 107 of all plates of all tynes tested at the
Proving Ground under the present specifications.(Table II)

4, Although therc may be differences of. ooinlon
as to the exact difference between Spec. 31 and Spoec.
AX354 insofar es thelr definitions of ballistic limit
ar¢ concerned, it 1is evident that the grooved nlates
under consideration were somewhat better than the best
107 of all of the large number of nletes tested under
Spec. 31, (Table III)

5. A plate weighing that of 1/2" flat plate
successfully withstood cal., .30 APT1 High Vel, ammunition.
This ammunition was developed under an objective set by
the Chlef of Steff to penetrate 1/2" armor at 200 yrd.

The results set forth in M,0.C.M. May 1Oth, 1934 show

how successfully that objective was met. It is, therefore,
of importance from the onvosite voint of view to have
obtalned » test plete of 1/2" armor weight which

gsuccessfully withstood this ammunition as did plate Gl0O.

] Dem



6. The valuc of the cover plate in this type of
armor 1ls not clenr., The cover nlates used were of the
same meterisl ss the grooved nlate. Revort 4710/32
shows thet unless these cover oletes were heat treated
to greet hardnec~s they did more harm then good. The
present results do not make clear the sdvantage of the
cover plate., Two of the nlates were eaulvalent to 7/16"
armor in weight. The one with the cover nlate (Gl12) was
somevhat batter then the one without a cover nlate (G11l).
G10, which weighed the same ss 1/2" armor and which
stooped the Tl ammunition, had a cover plate. On the
other hend, the grratest single increase in efficlency
wes shovn by Gl2 without a cover nlate. In practice
these cover plates would be shot off the grooved nlate
after a numbcr of rounds and would have to be replaced.
Further investigetion will be necessary before any
d¢finite decision can be made rcgerdiny the necessity
of cover »nlates in construction of this type. It is
felt thet the only time the cover nlate is of value is
when the bullet would otherwise strike directly at the
bottom of a groove. The arca of groove bottems (1/16"
on either cide of each groove) constitutes about 107
of the surface area of the plate. Therefore, the cover
nlate 1s useful to resist about 107 of the rounds fired
at any plate and without it the plate should be Just as

effective agrinst 907 of the rounds fired against 1it.

-]13-



7. A grooved vnlate of the tyove shown nresents
no unusvel ¢ifficulty in rolling. It ould be rolled
down to a flat slrot of deslred thickness and then vassed
between nairs of flat rolls snd a grooved roll to the
desircd size., The cost of manufecture (except for the
Initial cost of the grooved rolls) should not be any
greater thrn the cost for an eoual tonnage of flat
plates. No difficultics were exnerienced in heat treating
these grooved plates.

Conclusions

It is concluded thet the method described herein
of disposing of a given veight of armor plate in a
plate grooved on the front and flat on the back has
resulted in a very definite increase 1n bellistic
efficlency.

Recommendations

It 1s recommended that this type of armor olate
be glven further study in order that full adven tage
mey be taken of mechenicel mesns thus avallable for so
disnosing of a given weight of materisl to obtain 1ts

maximum usefulness.

Respectfully submitted,
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